Effects of Induced Sputtering on 6*3C and Ar in the Martian Atmosphere
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Given the possibility of life having developed on Mars, it becomesimportant
to know the environment that it evolved in. Thereisgeomorphological evidence
that the ancient climate was wetter and warmer. This environment was presum-
ably created by adense CO, atmosphere, but it leavesthe fundamental question
of what happened to the atmosphere. One possibility is that the atmosphere
escaped to space. The main method for removing CO; is indirect sputtering,
a process where the solar wind accelerates O to high energies and then has
them impact the upper atmosphere, causing them to gject other particles (see
Luhmann and Kozyra, JGR, 1991). The primary constraint on sputtering and
its effect on the atmosphere is the isotopic signature.

We have updated our Monte-Carlo model for sputtering (Kass and Yung,
Science, 1995) with improved cross sections (from Johnson and Liu, Science,
in press) and a more realistic handling of the dissociation of CO,. Using our
new model, we find that Mars could have lost as much as a bar of CO5 in the
last 3.5 Gyr. This is sufficient CO, to allow a warmer and wetter climate to
have existed during the early part of Mars' history. While there are large errors
associated with the calculation due to uncertainties in modeling the evolution
of the Sun, our modeling indicates (unlike Luhmann et al., JRL, 1992) that
sputtering can play asignificant role in the evolution of the Martian atmosphere.

Using our new model, we considered the effects of the sputtering on the
§13C and *Ar/%®Ar ratio of the Martian atmosphere. Using a simple model
combining the effects of sputtering, outgassing (taken from Jakosky et al.,
Icarus, 1994), carbonate formation (Stephens, Caltech Thesis, 1995) and polar
reservoirs, we find that the model predicts values for the two isotopic systems
in agreement with the current measurementsfor Mars. These two systemswere
chosen both because they are affected by relatively few processes and because
they retain arecord of the ancient atmosphere. We are currently expanding our
work to also cover §°N and °Ne/?’Ne. We hope to show that despite previous
predictions (Jakosky et al., 1994), it is possible to have large sputtering rates
and recreate all the measured isotopic values.

Abstract submitted for 1996 DPS meeting

Date submitted: LPI electronic form version 5/96

| Division for Planetary Sciences Abstract Form |

DPS Category 8

Invited [ ]

Have you received your Ph.D. since the last DPS meeting?
Yes [ ] No

Is your abstract newsworthy, and if so, would you be willing to prepare a news
release and be available for interviews with reporters?

Yes [ ] No [ ] Maybe

Paper presented by David M. Kass
Caltech
170-25

Running #7400 Session 0.00

Poster presentation Titleonly [ ]

Pasadena CA 91125 U.S.A.

Phone: 818-395-6960

Fax: 818-585-1917

Email: dkass@marsl.gps.caltech.edu

‘ Special instructions: Tue Aug 27 15:31:37 CDT 1996

Membership Status (First Author):
DPS-AASMember [ |  Non-Member [ |

Student Member Student Non-Member | |

No [ ]

Isthis your first DPS presentation? Yes [ |

Sponsor:



